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PROGRAM STATUS AND PLANS

This Monthly Status Report No. 3 marks the emd of the first quarter's
work on this nine-month study program. Consequently, it is felt that a
review of the accomplishments of the study to date and the plans for the
remaining two quarters is in order. Such a review is the basls of this
report; the format of the Statement of Work is used, as indicated by the
headings which follow.

Literature Search

Literature searches in the areas of optical modulation techniques,
scanning techniques, and display screen materials have ylelded about T00
reference papers and documents to date. Pertinent references have been
ordered, and the formal search has been stopped. Abstract Jourmals, etc.,
will be reviewed once or twice more during the study in order to acquire
any pertlnent papers published subsegquent to the conclusilon of the formal
search.

Light Sources 8tudy

The output characteristics of the light source in any display system

of the type under consideration in this study are of major importance. Con-
sequently, the light sources study is being conducted on a continuing basis
throughout the program. Both lasers and conventional light sources are being
considered. Information is being accumulated, bhoth through literature reviews
and personal contacts. Informetion disclosed is being mainteined in the form
of notes, and will later be summarized in the form of a matrix for the purpose

of comparing the characteristics of the many light sources of interest.
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Scanning Technigues Study

Another program, separate and distinct from the program reported
here, was recently started at the This STAT
geparate progrem is concerned with ecnniques, and 1s heavily
orlented toward the problem ares of scanning techniques. In order to
rermit maximum advantege to be taken of knowledge acquired on thet
program, work on the subJject program of this report has been so scheduled
that the study of scenning techniques will occur late in the progrem,

Modulation Technigques Study

The papers acquired through the literature search on modulastion
techniques are in the process of being categorized by type of technique
and cataloged for study. Each paper is being reviewed, and pertinent
information contained in each is being extracted and put into a highly
condensed form. A matrix (or chart) is being mede, wherein each technique
is listed 1n a vertical column elong the left-hand edge of the chart, and
the characteristics, potentialities, ete., for the techniques are listed
as headings for other columns. This will allow a first-order comparison
of the many techniques of interest.

In addition to the matrix discussed above, an analysis is being
conducted for the purpose of comparing the most two promising modulation
techniques for application in the present or near future. The two techniques
are optical interference modulation and eleectro-optic (Pockel Cell and Kerr
Cell) modulation. Equations describing the characteristics of each of these
modulaetion techniques are being derived; from the equations parametric plots
are belng made of various pertinent modulation characteristics. Such plots
or graphs will greatly facilitate system trade-off studies to be conducted
later in the program.

The analysis of the interference technique is now essentially complete,
and the analysis of the electro-optic technique has been started. The plan
is to maintaln the complete analyses (in the form of draft write-ups) in
the project technical file, and summarize them in the Final Report. fThe
resultant equations and graphs will serve as valuable design date in any
subsequent system designs.

Screens Study

The screens study is scheduled to start during the next reporting
period (in October)., Papers and references disclosed during the literature
search will be the basis of the study at the outset. Both passive and active
screens will be considered.
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STATE-OF-THE-ART FOR OPTICAL DISPLAY TECHNIQUES

The ultimate goal of the stuly contract is to obtein adeguate
information to allow two display systems to be defined for the photo-
interpretation application: (1) the optimum system possible within
the present state-of-the-art; and (2) the optimum system to be expected
for the future. In the light of these goals, the following observations
relative to the present state-of-the-art for optical techniques for dlsplay
are submitted.

Two modulation technigues have been developed to an operational stage:
interference modulation and electro-optlic modulation. The interference
modulator, vhich is based on the use of piezoelectrically driven mirrors
in a Twymen-Green type optical interferometer, can be built to reliably
glve bandwidths of up to about 10 Mc/sec. Bandwidths of more than 20
Mc/sec. have been obtained with the interference modulator, but much care
is required in the fabrication of the piezoelectric crystals* which serve
as the active elements. The upper limit for the interference technigue is
probably about 25 fo 30_Mc/sec. The electro-optic technique, on the other
hand, can be moduleted at frequencies up te several glgacycles. However,
even the smaller of these electro~optic cells have capacities of several
plcofarads. Consequently, large bandwidths with electro-optic cells present
an equally difficult problem for the driving electromics. The comparative
study of the two techniques, when completed, should allow conclusions to be
drawn relestive to the mest sultable technique for a gilven bandwidth require-
ment. Bandwidth requirements for any particular application depend upon
several factors. For most visual display applications, however, the band-
widths of interest lie in the S to 30 Mc/sec. region.

Another parsmeter of great importence to display applications is
resolution or spot size. Spots smaller than 10 microns over a two-inch
line in the focal plane have beenh vecorded with off-the-shelf lenses.
Spots of 6 or 8 microns may be possible with selected lens designs. Spots

STAT

of 3 or 4 micron diemeters will, however, require the design of special optics.

A wide range of technigques exist for producing an angular scan of a light

beam. The techniques range from mechanical scanners te the more exotic tech-

niques whlch employ physical phemomensa such ag diffraction, electron/photon
interaction, the electro optic effect, ete. State-of-the-art scanners, at
the present time, rely upon rotating mirrors. Development of non-mechanical

scanners is continuing, however, and these more exotic techniques may supplant
mechanical scanners in the future. The comparetive study of scanning technigques

to be conducted later in the study program is expected to indicate which of
the non-mechanical techniques offers the highest probability of success as a
competition for mechanlcal scanners.

¥ The best material found to date for use as modulator crystels is a
. lead~-zirconium titanate ceramic.
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Administrative Status

The percentage of the total estimated engineering dollars for
the contract expended as of 12 September 1964 is 9.2%.
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